SPECIFICATION 
TITLE OF THE INVENTION 

METHOD FOR EXAMINING THE CARIES RISK 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for 
examining a caries risk by using a human gene 
di agnos i s . 

Description of the Conventional Art 

It has been known that there are close relation 
between existence of mutans streptococci in a human 
oral cavity and generation of the caries, and many 
researches have been reported, for example, Anders 
Thylstrup and Ole Fejerskov, "Textbook of clinical 
caliology" (Denmark), Munksgaard Corporation, 1996, 
2nd edition, p. 405. The mutans streptococci is the 
general term of Streptococcus mutans and Streptococcus 
sobrinus (hereinafter, they are referred to as "S. 
mutans" and "S. sobrinus" respectively) as strains 
existing in human saliva. 

Since the new caries may be generated further in 
the future if there is much quantity of the mutans 
streptococci existing in the human saliva, many trials 
for easily determining the quantity of the mutans 
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streptococci in the saliva have been carried out. For 
example, there are the methods proposed in Japanese 
Patent Laid-Open No. 02177898 and Japanese Patent 
Laid-open No. 10036400, in which the mutans 
streptococci quantity is determined by applying 
monoclonal antibody specifically reacted with the S. 
mutans, and the method proposed in United States Patent 
No. 5374538, in which the quantity of bacterial cells 
themselves grown in a simplified culturing kit is 
determined by visual observation. However, in order 
to examine a caries risk by measuring the quantity of 
the mutans streptococci existing in saliva, there are 
problems that the mutans streptococci should actually 
exist in the oral cavity and caries has been already 
generated in many cases at the time of judging that 
there is a high caries risk. 

On the other hand, it has been known that an 
increasing process of the quantity of the mutans 
streptococci is varied with persons, and if the 
difference of said increasing processes can be 
examined beforehand, the caries risk can be known 
irrespective of the actual increasing or quantity of 
the mutans streptococci. Then, as the method for 
examining the caries risk capable of measuring the 
quantity of the mutans streptococci before infecting 



with said mutans streptococci, an attention have been 
attracted to the process, in which the antibody caused 
from a specific infection source exsisting in a human 
body is examined for judging whether a person is 
infected with a specific infection or not . 

In a surface layer substance of the bacterial cell 
of the S. mutans being a kind of the mutans streptococci, 
it was identified that a protein antigen called as PAc 
(Protein Antigen cerotype C) with about 190000 
molecular weight related with an initial adhesion of 
the mutans streptococci to a tooth surface in the 
research using the monoclonal antibody in which said 
protein antigen was used as the antigen. Moreover, a 
research for specifying a certain part in the PAc, 
which purely related with the initial adhesion of the 
mutans streptococci to the tooth surface, had been 
advanced, and it was identified that an A area having 
a a spiral structure in the PAc (a part of the amino 
acid sequence 216-464) strongly influenced 

colonization and adhesion on the tooth surface by the 
S. mutans, by Takahashi I. et al, " Immunogeni c i ty and 
protective effect against oral colonization by 
Streptococcus mutans of synthetic peptides of a 
streptococcal surface protein antigen", J. Immunol, 
(USA), 1991, 146, p. 332-6, by Takahashi I . Infect Immun 
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(USA), Baltimore Md . American Association of 
Immunologi s t s , 1992, 60, p. 623 -629, or by Okahashi N, 
et al, Mol . Microbiol. (USA) , Blackwell Scientific 
Publications, 1993, 3, p. 221-228. Furthermore, 
Senpuku being one of the present inventors et al . 
solved what was the most important sequence in the A 
area of the PAc (refer to nonpatent literature 1, 
Senpuku H, et al, "An antigenic peptide inducing 
cross - reac ting antibodies inhibiting the interaction 
of Streptococcus mutans PAc with human salivary 
components" Infect Immun (USA) , Baltimore Md . American 
Association of Immunologi s t s , 1995, 63, p. 4695-4703) . 
After that, it was identified that the sequence 
strongly acting on an human immune system as the 

antigen in the A area of the PAc was Y L--Y, which 

was human B-cell epitope, and L--V-K--A, which was a 
part reacting with various human HLA-DR molecules, 

[refer to nonpatent literature 2, Senpuku et al, 
"Identification of Streptococcus mutans Pac peptide 
motif binding with human MHC class II molecules (DRBI 
* 0802, * 1101, * 1401, and * 1405) Immunology (England) , 
Blackwell Scientific Publications, 1998, 95, 
p. 322 - 330, and. nonpatent literature 3, Senpuku et al, 
"Inhibitory Effects of MoAbs against a Surface Protein 
Antigen in Real-Time Adherence In vitro and 
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Recoloni za t ion In vivo of Streptococcus mutans" Scand. 
J. Immunol. (England), Oxford Blackwell Scientific 
Publ i cat ions , 2001, 54, p. 109-116] . From this results, 
the specific amino acid sequence in the PAc, i.e., 
[NAKATYEAALKQYEADLAAVKKANAA (PAc(361-386))] was 
derived. The details of the amino acid sequence is 
indicated in the following formula. 
[Formula 2] 

Asn Ala Lys Ala Thr Tyr Glu Ala Ala Leu Lys Gin Tyr 
Glu Ala Asp Leu Ala Ala Val Lys Lys Ala Asn Ala Ala 
As the result, thepresent inventors investigated 
that the examination of the caries risk could be 
accurately carried out by using the PAc (361-386), 
which is the amino acid sequence, as the antigen, and 
measuring an antibody value of a secretory 
immunoglobulin antibody A (slgA) secreted from a human 
oral cavity mucosa, which was working to inhibit the 
adhesion of the mutans streptococci to the tooth 
surface . 

However, as for measuring the antibody value of 
the secretory immunoglobulin antibody A against the 
PAc (361-386 ) secreted in the saliva, an infant of less 
than about 6 years old not having a completed immune 
function could not be examined, and since a saliva 
secretory quantity was varied with persons, the 
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measured antibody value of the secretory 
immunoglobulin antibody A could not be accurately 
reflected between a person having the much quantity 
of the saliva and a person having the little quantity 
of the saliva. Furthermore, there were also problems 
that said measuring could not be applied to a patient 
infected with xerostomia, who has the remarkably 
little salivary secretion quantity, and an aged person 
weakened in his salivary secretion. 

Then, the present invention has the object to 
provide the method for examining the caries risk 
capable of making all people into a sample irrespective 
of age and the salivary quantity. 

Summary of the Invention 

The present inventors made wholeheartedly 
investigations in order to solve the above problems, 
and as the result, they paid attention to a major 
histocompatibility complex (hereinafter, it is 
sometimes referred to as only MHC) for examining the 
caries risk irrespective of the age and the salivary 
quantity. Although the MHC is found in cells of all 
higher vertebrates, since the MHC was first proved in 
leukocyte in the case of human, the MHC is called. as 
a human histocompatibility leukocyte antigen or a 
human leukocyte antigen (hereinafter, it is referred 



to as HLA) . It has been known that this HLA genes group 
has a remarkably important role in an immune system 
and functions as the antigen recognizing the 
non- i tsel f . 

Since a mechanism secreting the antibody against 
said PAc (361-386) naturally related to an immune 
system gene, the difference of the antibody value of 
the secretory immunoglobulin antibody A secreted in 
the saliva was determined with a specific genotype 
relating to the secretion of a human secretory 
immunoglobulin antibody A. Therefore, the present 
inventors investigated that it was possible to examine 
the caries risk by specifying an individual genotype, 
and if a human genotype was specified beforehand by 
high or low of the caries risk, that is, high or low 
of the antibody value of the secretory immunoglobulin 
antibody A secreted in the saliva, it was possible to 
carry out the method for examining the caries risk 
capable of targeting at all persons by only identifying 
the gene. Then, the present invention was completed. 

The present invention is the method for examining 
the caries risk with the characteristic of identifying 
the genotype of DRBl* of a DR locus in a class II type 
of the HLA genes group. More particularly, the present 
invention is the method for examining the caries risk 
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with the characteristics of identifying the genotype 
of DRBl* in the class II type of the HLA genes group, 
wherein the identified genotype is compared with 
caries risk, which is identified beforehand, derived 
from the antibody value of the secretory 

immunoglobulin A in the human saliva against antigen, 
in which a synthetic protein having an amino acid 
sequence composed of the following formula is used ast 
the antigen . 
[Formula 3] 

Asn Ala Lys Ala Thr Tyr Glu Ala Ala Leu Lys Gin Tyr 
Glu Ala Asp Leu Ala Ala Val Lys Lys Ala Asn Ala Ala 
In the HLA genes group, there are the class I type 
and the class II type, and these whole molecular 
structures closely resemble. In both^of said classes, 
the antigen presented on a T cell bonds with an amino 
acid end domain, which has a membrane penetration type 
hetero dimer and comes out from the cells. The class 
II type exists in the limited cell, such as a B cell 
or an antigen presenting cell, and has the mechanism 
for promoting antibody production by the * B cell 
thorough the T cell. In the present invention, the 
class II type gene group of the HLA genes group is 
especially used. As the class II type HLA, kinds of 
HLA-DR, DQ, DP and the likes have been known, and 
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further, said HLA is composed of four domains of a 
1, a2, iS 1 and i3 2 . The HLA is specified by the HLA 
genes on sixth chromosome monobrachius , and has high 
polymorphism. Especially, it has been known that jS 
chain of the class II type DR gene (DRBl, DRB3, DRB4, 
DRB5) is further excellent in polymorphism, and 
recently, it has been known that these polymorphism 
genes are correlated with various diseases. 

According to the method for examining the caries 
risk of the present invention, first, cells of a 
subject are collected, and the DNA in said cells is 
extracted to specify the HLA genes group on the sixth 
chromosome monobrachius . The caries risk is evaluated, 
by comparing the specified HLA genes group with the 
HLA genes group having high (or low) antibody value 
of the secretory immunoglobulin antibody A secreted 
in the saliva against the PAc (361-386), which is 
produced beforehand by the investigation. 

Since the HLA genes group is existed in all cells 
of a person, the cell at any part of the person can 
be used as a sample. In said cells, for easily examining 
the caries risk in a dental clinic room, a human oral 
cavity mucosa cell, which is the easiest to be 
collected, is used preferably. As the method for 
collecting the oral cavity mucosa cell, the cells may 
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be collected by scratching the mucosa with a spoon. 

As the method for extracting the DNA from the 
collected cells, the general method for extracting the 
DNA from animal cells can be used. For example, a phenol 
chloroform method is preferable and various commercial 
kits can be used. 

As the method for specifying the genotype, 
PCR-RFLP (polymerase chain reaction - restriction 
fragment length polymorphism), PCR-SSO (polymerase 
chain reaction - sequence specific oligonucleotide), 
PCR-SSP (polymerase chain reaction - sequence specific 
priming) or the likes can be used. However, as the 
method for specifying the gene, which is used in the 
method for examining the caries risk of the present 
invention, if there is any suitable method other than 
the above methods, it can be used. 

The caries risk is evaluated, by comparing the 
specified HLA genes group with the HLA genes group 
having high (or low) antibody value of the secretory 
immunoglobulin antibody A secreted in the saliva 
against the PAc (361-386), which is produced 
beforehand by the investigation. For example, in the 
genotypes having been - i den t i f i ed now, as the genotype 
having the high caries risk, that is, having the low 
antibody value of the secretory immunoglobulin 
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antibody A, the case of the genotype having DRB1*0101, 
DRB1*0405, DRB1*0803, DRB1*1302, DRB1*1502 and 
DRB1*0410 at one side of the dimer, has been identified. 
Moreover, as the genotype having the low caries risk, 
that is, having the high antibody value of the 
secretory immunoglobulin antibody A, the case of the 
genotype having DRB1*0403, DRB1*0406, DRB1*0401, 
DRB1*0802, DRB1*0901, DRB1*1202, DRB1*1401, 

DRB1*1405, DRB1*1501 and DRB1*1602 at one side of the 
dimer, has been identified. In addition, if the 
combinations of all dimers are solved by the future 
research, the caries risk can be evaluated more 
accurately . 

In order to obtain the PAc (361 - 386 ) being used 
in the present invention, although the method is not 
limited if the amino acid sequence of said PAc 
( 361 - 3 86 ) can be obtained by said method, it is 
convenient to use an amino acid synthesizer in general . 

As the method for measuring the antibody value 
of the secretory immunoglobulin antibody A being used 
in the method for examining the caries risk of the 
present invention, even if a conventional enzyme 
immunohi s tochemi s t ry method, i.e.. Enzyme Linked 
Immunosorbent Assay, which is referred to as "ELISA" 
hereinafter, being one of an antibody value measuring 
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technique against the mutans streptococci, is used, 
sufficiently usable sensitivity can be obtained. 
However, the measurement sensitivity at the time of 
the determination can be increased by the technique 
being conventionally used for improving the 
sensitivity of the measured value obtained by the 
antigen antibody reaction, for example, the technique 
of reacting once the secretory immunoglobulin A in the 
saliva with a biotin anti-human immunoglobulin A etc. 
So, the technique based on the general antigen antibody 
reaction can be applied as it is. In addition to said 
technique, each technique of an immuno - chroma tography , 
an immuno -concentration, and a latex agglutination etc. 
can be used suitably. 

BRIEF EXPLANATION OF THE DRAWINGS 

Figure 1 shows the results of measuring the 
antibody values of the immunoglobulin A in saliva of 
5 subjects (A, B, C, D, E) against the PAc (361-386) 
with the ELISA. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

Hereinafter, the method for examining the caries 
risk of the present invention will be explained 
concretely with the examples, but is not limited to 
the following examples. The operation was carried out 
at room temperature unless specifically described and 
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pH is the value at 20 to 25 degree C. A concentration 
of protein quantity is calculated with absorbance of 
280 nm wavelength light- 
Example 1 

<Method for Collecting Cells> 

The oral cavity mucosa cell was collected, by 
rubbing a part of cheek in the oral cavity with the 
use of a swab (the product name was C. E. P. Swab, 
produced by Lifetech Oriental Co. Ltd.) . The 
extraction of the DNA was. carried out immediately after 
the collection. 

<Extraction of the DNA from Oral Cavity Mucosa Cell> 
The collected oral cavity mucosa cell was added 
to a 1 . 5 mL tube , whi ch was added with SOOjUL of a DNAzol 
reagent (produced by Lifetech Oriental Co. Ltd. ) , and 
after homogenizing, was precipitated and washed with 
ethanol . Then, the DNA was extracted. The DNA 
concentration was identified with the absorbance of 
O. D. 260 nm wavelength light, and the extraction 
purity was identified with the absorbance of O. D. 260 
nm / O. D. 280 nm wavelength light. The extracted DNA 
was suspended in TE buffer, comprising tris 
(hydroxyme thyl ) aminomethane 10 mM , ethylene diamine 
tetraacetic acid (EDTA) 1 mM with pH 8.0. Then the 
following operation was carried out. 
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< Determination of Genotype of DRB1*> 

The determination of the genotype of DRBl* was 
carried out by using the following PCR-RFLP, in 
accordance with "PCR-RFLP typing detects new HLA-DRBl 
alleles : DRB1*13022, DRB1*1336 and DRB1*1435" 
(European Journal of Immunogene t i c s , 28, 441-447) by 
Trejaut J. et al . The conditions of the PGR were as 
f ol lows . 

The above - described purified DNA : 100 to 500 ng 
MgCl2 : 1-5 mM 

dNTPs : 4 0 M 

Dimethyl sulfoxide (DMSG) : 3 % by weight 

The following primer : 5.0 pM 

AmpliTaq (PE Biosystems, Foster City, CA, USA) : 
1 uni t 

All of above was mixed and a total of 50 M L was prepared. 

As the primer, 
DR3 (5' cacgt ttc t tggagtactc 3') (Horne & Keown, 1993 ) 
and 

AmpB (5' ccgc tgcac tg tgaagc tct 3') (Kimura & Sasazuki, 
1992 ) 

were used to DRB1*03, 08, 11, 12,13,14. After 
amplification,., an amplified fragment of 266 bp was 
obtained from exons 2. In addition, as for DRB1*1122, 
1410, DR4-like was used instead of the primer DR3 in 
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5'-side, and as for DRB1*1130, DR4-like was also used. 

(refer to Marsh, S. G. E. , HLA class II region sequence 
1998, Tissue Antigen : 51, 467-507.) 

As for the prepared sample, the specific gene 
sequence was amplified, by using a thermal cycler (the 
product name was GeneAmp PGR System 9700 Thermal Cycler, 
produced by PE Biosystems Company) . As for the 
operations of the thermal cycler program, the 
operations were carried out at 95 degree C for 2 minutes, 
at 94 degree C for 30 seconds, at 60 degree C for 30 
seconds, and at 72 degree C for 30 seconds and these 
operations were repeated 30 times. After that, the 
operation was carried out at 72 degree C for 10 minutes. 
As for identifying the amplification sequence, 5 M L 
of the above-described PGR product was elec trophoresed 
in an agarose gel, which was 2% of 1 X TAE (tris 

( hy dr oxyme thy 1 ) aminomethane was 0.04 M, acetate was 
0,04 M, EDTA was 0.001 M) containing 0 . 2 /Z g / mL of 
ethylene bromide, by using an electrophoresis device 

(the product name was Mupid 2, produced by Gosmobio 
Go. Ltd.) . As for the e 1 ec t rophor s ed product, an 
amplification product was identified by using a UV - 
Transi lluminator (produced by Funakoshi Go. Ltd.) . 

< Restriction Enzyme Treatment > 
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After the electrophoresis, restriction enzyme 
treatment was carried out. That is, BseRI (4 Unit), 
BsaJI (3 Unit) , Rsal (5 Unit) and Sau96I (5 Unit) , (all 
produced by New England Biolabs Company) , were used. 
As for the restriction enzyme treatment, the treatment 
was carried out at 37 degree C for one night, by using 
said enzyme and refined water, in which a iXbuffer 
solution (provided together with the enzyme) was used 
to 10/XL of the PGR product. However, as for only the 
BsaJI, the treatment was carried out at 60 degree C 
for one night. The restriction treated sample was 
el ec t rophor sed with the conditions of 500 V for one 
hour, by using 10 % polyacrylamide gel, which is 
prepared with 1 X TBE (tris ( hy dr oxyme thy 1 ) 
aminomethane was 0.089 M, boron was 0.089 M, EDTA was 
0.02 M) . As for the electrophoresis, a lOObpDNA 
(produced by Takara Shuzo Co. Ltd.) was used as a size 
marker by feeding to a 1 lane and the el ec trophor sed 
product was identified. After the electrophoresis, the 
gel was removed from a glass board, and immersed in 
and dyed with the solution, in which 0.8 /X g / mL 
ethidium bromide was dissolved with 1 X TBE. The 
identification of the gel was carried out by taking 
a photograph using the UV - Tr ans i 1 1 umi na t or (produced 
by Funakoshi Co. Ltd.) and a gel movie camera (the 
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product name was Funaroid Camera FR6000, produced by 
Funakoshi Co. Ltd.) . 
<Determination of DRBl Sequence> 

The genotype of DRBl was determined in accordance 
with the above - de s cr ibed method. 

<Measurement of Saliva Secretory Antibody with ELISA> 
(1) Synthesis of PAc (361-386) 

The peptide having the amino acid sequence of PAc 
(361-386) was made by a stepwise sol id-phas e pep tide 
synthesis method. Model 350 Multiple Peptide 
Synthesizer (the product name was Advanced Chemitech, 
produced by Louisville Company) , was used as a 
synthesizer. The examination of the synthetic peptide 
was carried out by the high-performance reverse phase 
liquid chroma tograph using TSK-GEL column (30 Xl), 
i.e., 10-45 % acetonitrile was used as a column and 
gradient was 0.1 % TFA. The last refining degree was 
more than 9 5 % . 

(2) Measurement of Saliva Secretory Antibody 
A) Forming into solid phase of the antibody 

The PAc ( 3 61 - 3 86 ) synthesized by the above 
process was diluted with a 50mM sodium carbonate 
buff ered -solution having pH of 9.6, and this diluted 
PAc (361-386) was added to each well of a 96 hole 
microplate (produced by Sumitomo Bakelite Company) so 
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as to become lOOML. The added PAc (3 6 1- 3 86) was kept 
quietly overnight at 4 degree C to bind with the well. 

B) Blocking 

The microplate with the solid phase being formed 
by the above process was washed three times with a 
liquid (referred to as PBST hereinafter), in which 
0.05 % by weight neutral interfacial active agent (the 
product name was TWEEN20 produced by SIGMA Company) 
was contained in a PBS (Phosphate Buffered Saline 
having pH of 7.4), by using a microplate washer (the 
product name was Model 1575 produced by Bio-Rat 
Company) . After the washing, the PBS containing the 
1 % skim milk was injected by 2 0 0 jtx L per each well, 
and blocking was carried out at 37 degree C for one 
hour. After the blocking, washing was carried out three 
times by the PBST to wash an excessive blocking agent. 

C) Preparation of Saliva 

The stimulus saliva secreted by biting a paraffin 
wax for 3 minutes was used as the specimen. After 
obtaining, the salivary specimen was preserved in ice 
until starting the measurement. In the experiment, the 
saliva was prepared by diluting 2, 4, 8, 16, 32 , 64, 
128, 256, 512, and 1024 times with the PBST containing 
0.5 % skim milk. Each of the saliva was added by 100 
At L to said plate. After adding, the plate was kept 
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quietly at 37 degree C for one hour and washed with 
the PBST. 

D) Labeled Antibody 

The anti-human IgA antibody labeled with an 
alkaline phosphatase (the product name was 
An t i - Human - I g A , produced by Chemicon International 
Company) , was prepared with the PBST containing 0.5 % 
by weight of skim milk so as to be 0 . 3 At g / mL . 100 
A6 L of the prepared label was added to the each well 
and reacted at 37 degree C for one hour. 

E) Coloring 

After washing with the PBST, 100 U m of a 
diethanolamine buffer containing 0.1 % by weight of 
P - ni t ropheno 1 disodium phosphate hexahydrate, 
which is a coloring substrate of alkaline 
phosphatase was added to each well and kept quietly 
at 37 degree C for 30 minutes. Then, the absorbance 
of 405 nm wavelength light was measured. These 
results were shown in Table 1. In this case, the 
diethanolamine buffer was prepared with the 
following prescription. 

Diethanolamine : 48.5 mL, 

MgCl2-6H20 : 50.0 mg , 

NaaN : 100 mg , 

H2O : 400 mL, 
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After preparing the final pH to 9.8, water was added 
to the die thanolamine buffer to be 500 mL . 

The antibody values of the immunoglobulin A in 
the saliva of five subjects (A, B, C, D, E) against 
the PAc (361-386) were measured with the ELISA, and 
these results were shown in Figure 1. As the result, 
grouping was made into two, i.e., the high antibody 
value group (in this case. A, C, E) and the low antibody 
value group (in this case, B, D) . In addition, the 
accuracy of the method for examining the caries risk 
was identified between the actual quantity of the 
routans streptococcus in the oral cavity and the groups 
of the antibody value being high and low. 

The genotypes of HLA-DRBl* of each person were 
identified with the oral cavity mucosa cells of the 
above subjects (A, B, C, D, E) by the above process, 
and the correlation between the genotypes and the 
antibody value of the secretory immunoglobulin A in 
the saliva against the PAc (361-386) was identified. 
These results were shown Table 1. By setting such 
condition, the genotypes respectively corresponding 
to the above two groups, i.e., the high antibody value 
group (A, C, E) and the low antibody value group (B, 
D) , was identified beforehand by using a plurality of 
subjects as the sample. In addition, it was identified 
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that the genotype of HLA-DRBl* was correlated with the 
antibody value. 
[Table 1] 



Antibody 

Value (O.D. 
405 nm) 


Subjects 


Genotype of DRB1* in Class II 
Type of HLA gene Group 


High 


A 


0403, 0405 


C 


1501, 0410 


E 


1602. 1405 


Low 


B 


0101. 1502 


D 


0803. 0803 



As for the actual method for examining the caries 
risk, when the above - described PAc (3 61-386 ) being 
identified beforehand is used as the antigen, the 
caries risk is examined, by comparing the genotype 
relating to high or low of the caries risk derived from 
high or low of the antibody value of the secretory 
immunoglobulin A in the human saliva against the 
antigen, with the genotype identified with the 
sub j ec t . 

As described above, the method for examining the 
caries risk of the present invention is the method 
capable of subjecting all people to examination 
irrespective of the age and the salivary quantity as 
compared wi th a conventional immuni ty . me thod . . In 
addition, since caries risk can be more accurately and 
widely examined by the present invention, this method 
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has the great value for contributing to dental 
medi cine. 
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